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Introduction
In this paper we address the question how comparables should be chosen when valuing European companies with the enterprise value to EBIT multiple. We analyze a large sample of European and US firms over 10 years and establish that for all countries forecast errors are minimized when comparable companies are chosen that are most similar in terms of return on assets to the company to be valued. For most continental European firms, comparables should be selected from all 15 European member states, whereas comparables for US or UK firms should be chosen, respectively, from the US or the UK only.
Several surveys demonstrate that practitioners frequently use financial ratios (or multiples) for the valuation of companies or projects (see Graham and Harvey, 2001 , Manigart et al., 2000 , and Dittmann, Maug and Kemper, 2004 . The popularity of the multiple method can be attributed to its relative simplicity compared to other company valuation methods like discounted cash flow techniques. It also turns out to be surprisingly successful in comparative empirical studies by Kaplan and Ruback (1995) and Gilson, Hotchkiss and Ruback (2000) .
Most empirical research on multiples valuation focuses on the optimal type of multiple and on the optimal way to average multiples across comparable firms 1 .
Altogether, these studies establish that earnings multiples result in more accurate forecasts than multiples based on book values or sales. Multiples calculated from analysts' forecasts perform better than multiples based on historical data. Also, the harmonic mean leads to more accurate forecasts than the arithmetic mean or the median. Here, forecast accuracy is measured by the deviation of the predicted value of the firm from its market value. are effective criteria for selecting comparable firms. Cheng and McNamara (2000) and Bhojraj and Lee (2002) demonstrate that a combination of industry membership with total assets and further firm characteristics results in some improvements over the use of industry membership alone. All results on the optimal choice of comparables have been derived for US data only. Only Herrmann and Richter (2003) address this question with a sample that contains large American and European firms.
In this paper we compare the five selection rules proposed by Alford (1992) on a large sample of firms from 16 countries (the 15 European Union member states and the USA) over the 10 years from 1993 to 2002. This research design allows us to verify whether the results found in previous studies for the US also hold for individual European countries and whether they are stable over time. Since accounting standards and the institutional background vary from country to country, it is not obvious that there is a single comparable selection method that works best for all countries. As European countries are much smaller than the US, we also analyze what country pool the comparables should be selected from. We allow for three pools of comparables: firms from the same country, from the same region, or from all OECD countries.
Here, "same region" is defined as the 15 European Union member states (EU15) orfor the USA -as the NAFTA member states.
It turns out that for all countries in our study (including the US) forecast errors are minimized when firms are selected that are most similar either in terms of return on assets (ROA) or in terms of ROA and total assets. For the US, the UK, and Ireland the most accurate selection criterion is the combination of ROA and total assets. For other countries, there is no or only a marginal improvement from using total assets in addition to ROA. Moreover, we establish that comparables should be chosen from the same country for the US, the UK, Denmark and Greece. For all remaining European countries, comparables should be selected from the EU15 or from the OECD.
We do not find a clear trend of valuation errors over time. For all countries, valuation errors are unusually low in 1994 or 1995 while they show a distinct peak during the stock market boom in 1999 and 2000. In 2001 and 2002 -after the "internet bubble" had burst -valuation errors reverted to their pre-1998 level. The introduction of the euro in 1999 seems not to have had any effect on valuation errors of European firms, although our sample period is too short to give a final answer to this question. The paper is organized as follows. The next section presents our research design in more detail. Section 3 describes the construction of our dataset, Section 4 contains our empirical results, and Section 5 concludes. The appendix contains the definitions of all variables used in our study.
Research design
This paper focuses on the enterprise-value-to-EBIT ratio, because previous research by Thomas (2002a, 2002b) , Cheng and McNamara (2000) , and Herrmann and Richter (2003) shows that using earnings as a basis for calculating multiples leads to lower forecast errors than book values or sales. Also, the research by Beatty, Riffe and Thompson (1999) , Baker and Ruback (1999) , and Liu, Nissim and Thomas (2002) yields that the use of the harmonic mean results in more precise forecasts than the arithmetic mean or the median. For this reason, we use the harmonic mean in this paper. Altogether, our estimate for firm i's enterprise value i EV ∧ is given by
where EV j is the enterprise value of firm j, adj j EBIT is firm j's (adjusted) earnings before interest and taxes, C i is the set of comparable firms used for valuing firm i, and n i is the number of firms in the set C i . All quantities that enter equation (1) ROA denotes an algorithm that selects those 2% of all companies in the comparables pool whose return on assets are closest to the return on assets of the 2 The choice of the number five is arbitrary and we are not aware of any study that investigates which minimum number of firms is optimal. We therefore follow the convention set by Alford (1992) . considered company in absolute terms. 3 If the comparables pool contains less than 250 firms, the algorithm selects the five firms that are most similar to the considered company in terms of return on assets. This ensures that there are at least five comparable firms in the set C i .
TA refers to a similar algorithm that selects the 2% (or five) most similar firms in terms of total assets.
ROA & TA denotes an algorithm that selects all firms in the intersection of the 14% most similar firms in terms of return on assets and the 14% most similar firms in terms of total assets. 4 If this results in less than five comparable firms, the procedure is repeated with a 15% (16%, 17%, etc.) cut-off, until at least five comparable firms are selected.
For comparing different comparable selection methods, we follow the literature (see e.g. Alford, 1992) and use the mean and the median of the absolute prediction error APE i :
Dataset
This study combines accounting data from Worldscope and market data from Datastream. From the Worldscope database, we identify 225,783 firm-year observations of OECD firms between 1993 and 2002. We exclude a total of 80,794
firm-year observations for the following reasons: First, we require positive, nonmissing values for total assets (item 2999) and earnings before interest and taxes (item 18191), and non-negative, non-missing values for total debt (item 3255). We exclude observations with negative EBIT because the enterprise-value-to-EBIT multiple is meaningless if EBIT is negative. Second, we require that cash and short term 3 Again the choice of 2% is arbitrary and, to our knowledge, has not been subject to a rigorous empirical study. We therefore follow the convention set by Alford (1992) . We extend Alford's rule by demanding that at least 5 comparable firms are used. In Alford's study this additional restriction would never be binding as he works with a large US sample. 4 Again, the 14% stem from Alford (1992) . Note that 14% is the square root of 2%, so if total assets and ROA are independently distributed, the intersection of the 14% firms most closely related in terms of total assets and the 14% firms most closely related in terms of ROA is 2% of all firms. investments (item 2001) and non-operating interest income (item 1266) are nonnegative. If either of these two items is missing, we set it equal to zero. Finally, we require that the SIC code is not missing and not equal to 9999 which denotes "nonclassifiable establishments." If available, we use the annually reported SIC code of the largest product segment of the firm (item 19506); otherwise, we use the static SIC code of the largest product segment (item 7021).
We exclude 14,394 firm-year observations because firms had issued more than one type of common equity in that year. Moreover, we delete 27,222 observations because the fiscal year end does not fall into the period between December 31 and March 31.
In addition, we lose 18,516 observations because we cannot obtain end-of-June market data from Datastream (unadjusted price, UP, and number of shares, NOSH).
We then exclude 14,660 observations for which there is a mismatch between the country of incorporation (Worldscope item 6027) and the currency of the market data (Datastream item ISOCUR). Such a mismatch occurs when, according to our data, a firm is not listed on a domestic but only on a foreign stock exchange. We exclude these observations, because it is debatable what the home country of such a firm is.
Requiring that the enterprise value is positive results in a further loss of 679 observations. In these cases, cash and short term investments are larger than the firm's market capitalization plus total debt. Likewise, we exclude another 809 observations, because non-operating interest income exceeds earnings before interest and taxes, so that our adjusted EBIT is negative.
Finally, we drop 1,276 observations that fall in the smallest 1% quantile of the enterprise-value-to-EBIT distribution or in the largest 1% quantile of the return on assets (ROA) distribution, where ROA is calculated as earnings before interest and taxes (item 18191) divided by total assets (item 2999). We exclude observations with the 1% largest ROA, because these ROAs are unrealistically high and would clearly also be removed by an analyst who selects comparables by hand. Due to these exclusions, the maximum ROA is reduced from 945% to 37%. Observations with the 1% smallest enterprise-value-to-EBIT multiple are excluded, because these observations receive an extremely high weight when calculating the harmonic mean.
On the other hand, these observations are most likely due to exceptional circumstances that lead to disproportionately high earnings numbers. As a consequence of our exclusions, the minimum enterprise-value-to-EBIT multiple increases from 0.00007 to 1. 45 Our sample does not overlap with either Alford's (1992) or Cheng and McNamara's (2000) sample. There is a considerable overlap with Bhojraj and Lee's (2002) sample, however. For 1998, for example, our sample contains more than twice as many US observations than their sample does.
Insert Table 2 about here. Table 2 shows some descriptive statistics for the main variables used in our analysis. The values have been pooled across all countries and years, and all currencies have been converted to US$. The average enterprise value is $4.1bn and the median enterprise value is $305m. The median return on assets is 7.7% and the median enterprise-value-to-EBIT-ratio is 12.75. The arithmetic mean of this ratio (48.0) is much larger than the median due to some large positive observations that are caused by small earnings numbers. Note that these do not cause any problems in our analysis, because they receive extremely small weights when we calculate the harmonic mean. In terms of total assets, the firms in our sample are of similar size to the firms in Alford (1992) but smaller than those considered by Cheng and McNamara (1999) .
Empirical results
Recall that a comparable selection method is a combination of a pool of firms from which comparables are chosen and a rule that describes how comparables are selected from this pool. In this study, we consider three comparable pools (country, region, OECD) and five comparable selection rules (MARKET, INDUSTRY, TA, ROA, and ROA & TA), i.e. a total of 15 comparables selection methods. For each combination of the 16 countries (the 15 European Union member states and the USA), the 10 years (from 1993 to 2002) , and the 15 comparables selection methods, we obtain a sample of the absolute prediction errors from equation (2) for all firms in that country-year. In Subsections 4.1 and 4.2, we pool these prediction errors across years, in order to identify the optimal comparable selection method for each individual country. These results have the highest practical relevance as they directly imply how firms should be valued. In Subsection 4.3, we pool the prediction errors across countries in order to study the stability of our results over time. Table 3 presents mean and median absolute prediction errors for 16 countries and 15 comparables selection methods. Here, we have pooled the prediction errors across the four years from 1999 to 2002 in order to obtain more stable results. We do not pool the prediction errors across the full 10 year range of our sample, because the introduction of the Euro in January 1999 might have changed the degree of market integration in Europe. The last two columns of Table 3 display p-values of the paired two-sample Wilcoxon signed rank test. Here we test whether the median absolute prediction error differs significantly between "Country" and "Region" (second-to-last column of Table 3 ) or between "Country" and "OECD" (right-most column of Table   3 ). Only for Italy, choosing firms from the same industry is unambiguously better than taking firms from the whole market. When precision is judged by the median absolute error, INDUSTRY also leads to improvements in France, Ireland, the UK and the US.
Comparable selection rules and valuation errors
For the mean absolute error, however, INDUSTRY is only slightly better or even worse than MARKET in these countries. In contrast, for a couple of smaller countries (Austria, Belgium, Denmark, Greece, and Portugal) INDUSTRY is dominated by MARKET -even when comparables are chosen from the larger EU15 or OECD pool.
This finding suggests that, in smaller countries, either firms are misclassified more often or firm value does not vary much across industries.
Like Alford (1992) , we find that INDUSTRY leads to lower median absolute errors in the USA than MARKET does. However, the improvement is much smaller in our sample than in Alford's sample. Also, ROA and ROA & TA are a much stronger improvement in our sample than in Alford's sample. The reason for this difference is presumably that Alford considers the P/E ratio, whereas we work with the enterprise-value-to-EBIT multiple, which is less sensitive to differences in leverage across firms. As leverage varies considerably between industries, controlling for industry should be more effective for the P/E ratio than for the enterprise-value-to-EBIT ratio. Table 3 reveals that there are only four countries (the UK, the US, Denmark and Greece) for which valuation errors are minimized when comparables are chosen from the same country. For the remaining twelve European countries, valuation errors are smaller when comparables are chosen from the EU15 or from the OECD. According to the median absolute error, EU15 is optimal for eight countries (Belgium, Finland, France, Germany, Italy, the Netherlands, Portugal, and Spain) whereas OECD is optimal for four countries (Austria, Ireland, Luxembourg, and Sweden). When the mean absolute error is considered the relevant measure of accuracy, EU15 is optimal only for Italy. For the remaining eleven European countries, OECD is then optimal.
What pool should comparables be selected from?
The reason for the differences between median and mean absolute errors are outliers that are more likely in small samples (EU15) than in large samples (OECD).
Consider for example Germany: The 99 th percentile of the absolute error is 4.66 when comparables are chosen from the EU15 compared to 3.76 when they are chosen from OECD countries. If the user cannot identify such severe misvaluations, she should therefore select comparables from the larger sample (OECD). If on the other hand the user is able to identify and avoid these misvaluations, the median absolute error seems to be the more appropriate measure of accuracy and she should therefore chose comparables from the EU15 countries.
One could argue that the organization of capital markets in the United Kingdom is more similar to that of the United States than to continental Europe. We therefore also considered the union of NAFTA and the UK as a pool for choosing comparables for UK firms. It turns out that this Anglo-American comparables pool leads to very similar prediction errors as the EU15 pool. In particular, it does not dominate selecting comparables from the UK only. We therefore do not report these results in more detail. Table 5 contains the mean and median absolute errors for each year from 1993 to 2002 and for 12 multiple selection methods. In order to conserve space, we do not report results for total assets (TA) any longer as TA is clearly dominated by the other selection rules. Panel A displays the results for the USA, and Panel B for the UK.
Valuation errors over time
Panel C shows the results for the pooled absolute prediction errors of the remaining 14 European countries.
Insert Table 5 and Figures 1 to 3 It is not surprising that selecting comparables according to ROA performed worse during the 1999/2000 "new economy" boom, because at that time many market participants expressed the belief that there had been a structural break, so that past performance was not regarded a good proxy for future performance any longer. What is perhaps more surprising is that also the accuracy of INDUSTRY deteriorated likewise during the "new economy" boom. This finding suggests that the SIC industry classification is not able to separate "new economy" firms from "old economy" firms.
Indeed, in many industries there are old and new economy firms. Consider for example Amazon, whose SIC code is 5942 (Book Stores), or e-bay with the SIC code 5961 (Catalog & Mail-Order Houses).
Our finding that comparables for the UK or the US should be selected from the same country turns out to be reasonably robust over time. According to the median absolute error, the optimal comparables pool from 1995 onwards is the UK for the UK and the US or NAFTA for the US. In the early years 1993 and 1994, OECD is optimal for both, the UK and the US, presumably because of the comparatively small sample size. For continental European countries, the optimal pool is not stable over time before 2000. Over the last three years in our sample (2000) (2001) (2002) , we obtain the same result as in Subsection 4.2: EU15 is optimal when judged by the median absolute prediction error and OECD is optimal when judged by the mean absolute prediction error.
Conclusions
In this paper, we investigate which comparables selection method leads to the most precise forecasts when using the enterprise value to EBIT multiple. As accounting standards and the organization of capital markets differ considerably between countries and over time, we separately consider 15 European countries and the USA over the ten years from 1993 to 2002. We work with a comprehensive sample with 67,433 firm-year observations. Our analysis yields two principal results that are relevant for the valuation of firms in practice: First, choosing comparables from the same industry (as proxied by the SIC code) turns out to be suboptimal for all countries. Instead, those firms should be used as comparables that are most similar in terms of return on asset (ROA). For the USA, the UK and Ireland, this selection method can be further improved by selecting firms that are most similar according to ROA and total assets. Second, our analysis reveals that comparables for the USA, the UK, Denmark, and Greece should be chosen from the same country only. For all remaining European countries, forecasts are more precise when firms are chosen from the 15 European union member states (EU15) or from the 30 countries organized in the OECD.
Whether EU15 or OECD should be used as the comparable pool depends on the ability of the user to identify and thereby to avoid extreme valuation errors of 300% and higher. The user might be able to avoid extreme errors when she has additional information -beyond the information used in our study -about the firm to be valued or about the comparable firms selected by our algorithm. If the user is not able to avoid extreme errors, she should select comparables from the OECD. Then the larger number of comparables make extreme errors less likely. On the other hand, if the user can avoid extreme errors, she should choose comparables from the EU15.
Appendix A: Definition of variables
Market capitalization is the product of the number of shares outstanding (Datastream data type NOSH) and the unadjusted share price (data type UP) on the last trading day in June.
Enterprise value EV j is firm j's market capitalization plus total debt (Worldscope item 3255) minus cash and short-term investments (item 2001).
Adjusted earnings before interest and taxes EBIT adj is Worldscope item 18191 (earnings before interest and taxes) minus item 1266 (non-operating interest income).
Enterprise-value-to-EBIT ratio is the enterprise value EV j divided by adjusted earnings before interest and taxes EBIT adj .
Total assets TA is Worldscope item 2999.
Return on assets ROA is the ratio of Worldscope item 18191 (earnings before interest and taxes) and item 2999 (total assets).
SIC Code:
If available, we use the annually reported SIC code of the largest product segment of the firm (item 19506); otherwise, we use the static (current) SIC code of the largest product segment (item 7021).
Table 1: Number of observations by firm-year
This table displays the annual number of observations in our sample for the 15 European Union member countries, the USA, Japan, and the group of remaining OECD countries ("rem. OECD"). 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002  Austria  1  1  28  35  38  45  45  45  46  43  Belgium  0  0  28  30  29  40  42  55  61  55  Denmark  0  0  48  55  60  80  83  82  75  72  Finland  2  2  10  20  22  30  38  43  47 This table shows mean, median, minimum, and maximum of six key variables in our dataset. The enterprise value is market capitalization plus total debt minus cash and short-term investments. Adjusted EBIT is EBIT minus non-operating interest income. The enterprise-value-to-EBIT ratio is enterprise value divided by adjusted EBIT. Return on assets is the ratio of EBIT and total assets. Note that the enterprise value is not directly comparable with total assets, because total assets include more than just the sum of common equity and total debt, and because cash and short-term investments have been subtracted from enterprise value. We therefore also report the market-to-book ratio where the numerator is total assets minus book value of common equity plus market value of common equity and the denominator is total assets. 
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